Objective: Adequate fruit and vegetable intake has been suggested to protect against colorectal cancer. However, several recent prospective studies have reported no association. We therefore examined the association between fruit and vegetable intakes and the risk of colorectal cancer in a prospective cohort study in Japan. Design: Between June and August 1990, 47 605 Japanese men and women completed a self-administered questionnaire, including a food-frequency questionnaire. We divided the subjects into quartiles based on their self-reported fruit and vegetable consumption. There were 165 colon cancer and 110 rectal cancer incidences identified during 7 years of follow-up, to the end of December 1997. We used Cox proportional hazards models to estimate the relative risk (RR) of developing colorectal cancer according to the level of fruit and vegetable consumption, applying adjustments for potential confounders. Results: No statistically significant association was observed between fruit and vegetable consumption and the risk of colorectal cancer. The multivariate RR of colon cancer in the highest quartile of fruit and vegetable intake compared with the lowest was 1.13 (95% confidence interval (CI) 0.73-1.75), the RR for vegetables alone was 1.24 (95% CI 0.79-1.95) and that for fruit alone was 1.45 (95% CI 0.85-2.47). The corresponding multivariate RRs for rectal cancer were 1.12 (95% CI 0.67-1.89), 1.14 (95% CI 0.67 -1.93) and 1.41 (95% CI 0.73-2.73). Conclusions: We found no association between the consumption of fruit and vegetables and the risk of colorectal cancer among the Japanese population.
Colorectal cancer is a major cause of death in Western countries 1 and is also associated with high levels of mortality in Japan. In Japan, mortality from colorectal cancer increased rapidly between 1950 and 2001 2 . During this period, the age-adjusted mortality rate per 100 000 for colon cancer increased 4.9-fold in men (2.9 in 1950 vs. 14. A comprehensive review by the World Cancer Research Fund in 1997 examined the association between diet and colorectal cancer 3 . Based on 22 case -control 4 -25 and four prospective cohort 26 -29 studies, this organisation concluded that there was 'convincing' evidence to indicate that diets rich in vegetables had a protective effect against colon and rectal cancers. The data on fruit were limited and inconsistent, and no judgement was possible. However, all recent prospective cohort studies 30 -34 except one 35 have found no inverse association between fruit and vegetable intakes and the risk of colorectal cancer. Thus, evidence that vegetables and fruits may reduce the risk of colorectal cancer has not been established 36 . The objective of our study was to prospectively examine the association between fruit and vegetable intake and the risk of colorectal cancer in Japan, where dietary habits and genetic backgrounds differ considerably from those in previous cohort studies in Western countries. To our knowledge, no previous prospective cohort study has examined this association in any Asian country, including Japan.
Subjects and methods

Study cohort
The design of the present cohort study has been described in detail elsewhere 37 . Briefly, between June and August 1990, we delivered a self-administered questionnaire on various health habits to 51 921 subjects (25 279 men and 26 642 women) aged 40-64 years living in 14 municipalities of Miyagi Prefecture in rural northern Japan. Usable questionnaires were returned by 47 605 subjects (22 836 men and 24 769 women), yielding 91.7% response rate.
The study protocol was approved by the institutional review board of Tohoku University Graduate School of Medicine, and we considered return of a signed selfadministered questionnaire to imply each subject's consent to participate in the study.
Dietary assessment
Dietary intake was assessed using a self-administered 40-item food-frequency questionnaire (FFQ) asking about the average frequency of consumption of several foods. For seasonal foods, the subjects were asked to report the intake frequency in high season. Five frequency categories were used for the majority of food items (almost never, 1-2 days per month, 1-2 days per week, 3-4 days per week, almost every day). We determined a portion size for each food item based on the median values observed in 12-day dietary records (DRs) collected from separate male and female sub-samples of the subjects. We calculated the weight of total vegetables consumed each day based on six items (green leafy vegetables, carrots and pumpkins, tomatoes, cabbage and lettuce, Chinese cabbage and tsukemono (pickles)). Similarly, total fruit intake was based on three items (oranges, other fruits and fresh fruit juices). The validity of fruit and vegetable intake was assessed by calculating Spearman correlation coefficients between the DRs and the FFQ for the relevant factors. Adjusted and deattenuated Spearman correlation coefficients were 0.59 for total fruit and vegetable intake, 0.50 for total vegetable intake and 0.59 for total fruit intake. In addition, adjusted Spearman correlation coefficients between two FFQs administered 1 year apart (which acted as a measure of reproducibility) were 0.67 for total fruit and vegetables, 0.55 for total vegetables and 0.72 for total fruit intake 38 .
Follow-up
We identified incident cases of colon and rectal cancers that occurred in our study cohort from 1 June 1990 to 31 December 1997 by linkage of computerised records with the Miyagi Prefectural Cancer Registry, which covers the study area. We counted person-years of follow-up for each subject from 1 June 1990 until the date of diagnosis of colon or rectal cancer, the date of death, the date of moving out of the study area, or the end of the follow-up period (31 December 1997), whichever occurred first. The total numbers of person-years of follow-up accrued for the colon and rectal cancer analyses were 307 779 and 307 675, respectively.
Of the 47 605 subjects who responded to the questionnaire, we excluded subjects with a previous diagnosis of cancer (n ¼ 1110) and those who had extreme levels of energy intake (below or above 5% of the range for all subjects; n ¼ 4660). Consequently, 41 835 subjects (20 174 men and 21 661 women) with 165 colon cancers and 110 rectal cancers were included in the present analysis.
Statistical analysis
We carried out separate analyses for colon and rectal cancers. Consumption of total vegetables and of total fruit was grouped into quartiles. Energy adjustment of food intakes was performed using the residual method 39 . We used Cox proportional hazards regression to calculate the relative risk (RR) and 95% confidence interval (CI) for developing cancer, and to adjust for potentially confounding variables 40 . These analyses were performed using the SAS PHREG procedure on SAS version 8.2 statistical software (SAS Institute, Cary, NC, USA). The multivariate analyses were adjusted for sex, age (in years), smoking status (never, past, currently smoking 1 -19 cigarettes daily, currently smoking 20 or more cigarettes daily), alcohol consumption (never, past, currently drinking 22.7 g or less alcohol daily, currently drinking 22. We repeated all analyses after excluding all subjects with colon and rectal cancer (45 with colon and 35 with rectal cancer) diagnosed within the first three years of follow-up, to eliminate the possibility that undiagnosed colorectal cancer that was present at baseline might influence the results for fruit and vegetable consumption.
P-values to test for linear trends were estimated using the number of grams of fruit and vegetables consumed per day as a continuous variable. All P-values were two-tailed.
Results Table 1 shows the characteristics of the subjects stratified by total fruit and vegetable consumption quartiles. No appreciable differences in median age were observed. Compared with those in the lowest quartile, the men in the highest quartile were more likely never to have smoked, to consume less alcohol, spend more time walking, have been educated to a high level and to consume more meat. We observed similar tendencies for women. Similar results were obtained when subject characteristics were analysed with respect to total vegetable and total fruit intakes (data not shown). Table 2 presents the relative risk for colon cancer according to quartiles of total fruit and vegetable, total vegetable and total fruit consumptions. After adjustment for age and sex, consumption of total fruit and vegetables, total vegetables and total fruit showed no association with the risk of colon cancer. The age-and sex-adjusted RRs for the highest versus the lowest quartiles for consumption of total fruit and vegetables, total vegetables and total fruit were 1.24 (95% CI 0.82 -1.88; P-trend ¼ 0.36), 1.34 (95% CI 0.87-2.07; P-trend ¼ 0.17) and 1.52 (95% CI 0.91-2.52; P-trend ¼ 0.17), respectively. Neither multivariate adjustments nor the exclusion of subjects with colon cancer diagnosed during the first three years of follow-up made any material changes to the findings.
We observed no associations between total fruit and vegetables, total vegetables and total fruit intakes and the risk of colon cancer when men and women were analysed separately. Specifically, the multivariate RRs for men in the highest versus the lowest quartiles for consumption of total fruit and vegetables, total vegetables and total fruit were 0.92 (95% CI 0.54 -1.59; P-trend ¼ 0.84), 1.00 (95% CI 0.56-1.77; P-trend ¼ 0.91) and 1.75 (95% CI 0.89-3.44; P-trend ¼ 0.23), respectively. Corresponding RRs for women were 1.55 (95% CI 0.72-3.32; P-trend ¼ 0.36), 1.65 (95% CI 0.78-3.49; P-trend ¼ 0.13) and 0.99 (95% CI 0.23 -4.25; P-trend ¼ 0.79). Table 3 presents the relative risks for rectal cancer according to the total fruit and vegetables, total vegetables and total fruit consumption quartiles. After adjustment for age and sex, consumption of total fruit and vegetables, total vegetables and total fruit showed no association with the risk of rectal cancer. The age-and sex-adjusted RRs for the highest versus the lowest quartiles for consumption of total fruit and vegetables, total vegetables and total fruit were 1.12 (95% CI 0.68-1.84; P-trend ¼ 0.40), 1.17 (95% CI 0.70 -1.94; P-trend ¼ 0.49) and 1.33 (95% CI 0.71-2.51; P-trend ¼ 0.37), respectively. Again, neither multivariate adjustments nor the exclusion of subjects with rectal cancer diagnosed during the first three years of follow-up had any substantial impact on the findings.
As with colon cancer, we observed no association between total fruit and vegetables, total vegetables and total fruit consumption and the risk of rectal cancer when men and women were analysed separately. Specifically, multivariate RRs for men in the highest versus the lowest quartile for consumption of total fruit and vegetables, total vegetables and total fruit were 1.10 (95% CI 0.55-2.17; P-trend ¼ 0.51), 1.32 (95% CI 0.67-2.60; P-trend ¼ 0.23) and 0.28 (95% CI 0.04-2.09; P-trend ¼ 0.75), respectively. Corresponding RRs for women were 1.26 (95% CI 0.56-2.86; P-trend ¼ 0.42), 0.99 (95% CI 0.42 -2.32; Ptrend ¼ 0.73). For total fruit consumption, there were no cases of rectal cancer in the reference category (the lowest quartile), so we conducted the analysis with reference to the lowest and second lower quartiles combined. The RR was 1.53 (95% CI 0.68-3.45; P-trend ¼ 0.23). We further examined associations between the consumption of six specific types of vegetable (green leafy vegetables, carrots and pumpkins, tomatoes, cabbage and lettuce, Chinese cabbage and tsukemono (pickles)) and three types of fruit (oranges, other fruits and fresh fruit juices) and the risks of colon and rectal cancer, but found no significant correlations.
Discussion
In this population-based prospective cohort study in Japan, we found no significant associations between the intake of fruit or vegetables and the risk of colon or rectal cancer. Six prospective cohort studies published over the past 5 years have investigated the association between fruit and vegetable consumption and the risk of colon and rectal cancer. Of these, only one Swedish study found an inverse correlation 35 ; the remaining five reported no association 30 -34 . Our results are consistent with those of the latter five studies.
There are several possible interpretations of our finding that fruit and vegetable intake had no protective effect against colorectal cancer. First, the range of fruit and vegetable consumption among the subjects may not have been wide enough to produce positive effects. Among our study subjects, there was only a 1.5-fold difference across the total fruit and vegetables consumption quartiles (median intake was 506 g in the lowest and 758 g in the highest). Terry et al. reported an increased risk of colorectal cancer among the lowest consumers of total fruit and vegetables 35 . In their study, there was a 3.0-fold difference across the fruit and vegetable consumption quartiles. In contrast, although their study showed a wide range of consumption (a 3.9-fold difference across the quintiles for vegetables and a 10.0-fold difference for fruit), Flood et al. reported null association between the risks of colorectal cancer and fruit and vegetable consumption 30 . Thus, effect of range does not provide a full explanation for our null associations.
Second, we have to consider the effects of possible misclassification when completing the FFQ. If many FFQs containing misclassifications are used to estimate dietary consumption, the general results are likely to be distorted, and the effect of fruit and/or vegetables consumption on the risks of colorectal cancer risk might be attenuated. However, in our validation study, the Spearman correlation coefficients for fruit and vegetables consumption were relatively high, ranging from 0.50 to 0.59 38 . Thus, the effect of misclassification may not fully explain our null results.
In conclusion, during a population-based prospective cohort study in Japanese subjects, we found no association between the consumption of fruit and vegetables and the risks of colon and rectal cancers. These findings are in agreement with the results of several other similarly designed studies, and add to the debate regarding the suggested protective effects of fruit and vegetables against colorectal cancer.
